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(£) Dry analytloal film chip. 



® A dry aneiytlcel fitm chip comprising a support, 
^ at least one reagent layer, and a spreading layer 
4 laminated in this order, and comprising at least one 
00 o1 a meana for preventing a liquid sample supplied 
^ onto and then spread into the spreading layer from 
^ reaching corner portions, a means for preventing a 
i»« liquid sample supplied onto and then spread into the 
N spreading layer from reaching edges, a means for 
^ preventing the formation of frays at edges of the 
e spreading layer which is composed of a fibrous 
ft porous material, and a means for preventing a liquid 
|jj sample supplied onto and then spread into the 
spreading layer from effusing out of edges, provided 
in the spreading layer. The dry analytical film chip 



can prevent the staining of an analyzer therelor at 
tha side wait of the placing part of the incubator, the 
photometric portion, the discharging portion and the 
lil<e caused by the effusion o1 liquid sample at edges 
of the dry analytical film chip, end the formation of 
frays at edges of a spreading layer composed of 
fibrous porous material, such as fabric, nonwoven 
fabric of filter paper, and capable of further prevent- 
ing the generation of fiber dust. 
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BACKGBOUNP OF THE INVENTION 

This invention rdlates to a dry analytical film 
chip which is a small ploca ot dry enalyticsl film 
cut into a specific form» such as square, rectangle, 
circle or ellipsoid. The dry analytical film has a 
reagent layer wharein chennical reaction, biochemi- 
cal reaction or immunologica! reaction occurs with 
a predetermined biochemical substance 
(hereinafter referred to as analyte) contained in a 
sample solution^ such as blood or urine to produce 
an optical density change. 

tn general, to analyze qualitatively or quantita- 
tively a specific component or an activity of a 
specific component in a sample solution is con* 
ducted in various industrial fields. Particularly, it id 
very important to analyze quantilailvely the content 
or activity of a biochchimjcal component or the 
content of a solid component of a body fluid, such 
ae blood or urine, of an organism in the field of 
llnical biochemical analysis^ 

nocentiy, various dry integral multilayer analyt- 
ical films (also called multilayer analytical eiement) 
have been developed which can determine the 
content or activity of a specific analyte or the 
content o1 a specific solid component by merely 
spotting a small droplet of a sample solution (JSP 
3.992.158, USP 4.292.272, Japanese Patent KOKAl 
No. 57-42851, etc.), and put to practical use. Fitter 
paper-type test pieces and modifications thereof 
composed of single layer or multilayers were also 
proposed (USP 4.477.575), and are, In pan. put to 
practical use. Since a sample solution can be ana- 
lyzed simply and rapidly by using the dry analyt- 
ical films compared with conventional wet analysis 
to use the dry analytical films is particularly useful 
for a medical organization or laboratory where a 
great number of sample solutions are analyzed. 

As a method of analyzing an analyte of a 
sample solution quantilativety by using the dry 
analytical film, the sample solution was spotted 
onto the dry analytical film (when there Is a spread- 
ing layer, onto the spreading layer, on the other 
hand, when there Is no spreading layer, onto the 
reagent layar directly), and is kept at a definite 
temperature (incubated) for a predetermined period 
in an Incubator (oven) to Induce a coloring reaction 
(dye-forming reaction). Subsequently, light for mea^ 
surement containing a wavelength, which has been 
previously selected by the combination of a spe- 
cific analyte In a sample solution and a reagent 
contained in a dry analytical film. Is Irradiated to 
the dry analytical film, and the optical density is 
measured. The concentration or activity of the an- 
alyte in the sample solution is determined by ap- 
plying the optical density to a calibration curve 
indicating the correlation between the optical den- 
sity and the concentration or activity of the analyte 



which has been previously determined. 

The above dry analytical film is composed of at 
laast one layer of a reagent layer provided on a 
support formed of an organic polymer, preferably 
6 further a spreading layer provided on the upper 
side of the reagent layer, The dry analytical film is 
formed Into a chip, and put In a slide frame mede 
of organic polymer (called analytical slide) in order 
to treat by automatic operation. The slide frame 

10 also functions to l«eep the dry analytical film flat 
which tends to deform in dry conditions. 

However, analyzers using the above analytical 
slides tend to be a big apparatus. That is. in a big 
medical organization, since a great quantity of ana* 

15 lytical slides is expended in a short period, a big 
size cartridge is used. Moreover, it is necessary to 
provide the number of cartridges corresponding to 
the number of the analytes. and thereby, the space 
for setting cartridge becomes large. 

20 Besides, the cost of the slide frame is great, 
and elevates the cost of the analytical slide, and 
the presence of the slide frame itself makes the 
size of cartridges and Incubator greater. 

Thereupon, the Inventors developed an ana- 

25 lyzer for dry analysis which can use dry analytical 
film chips as it is (without mounted in a slide 
frame) (EP 0 567 057 A). 

A representative embodiment of the analyzer 
for dry analysis ls» as shown in Figure 13, provided 

3a with a dry analytical film chip storing portion 20 for 
storing virgin dry analytical film chips 10, a dry 
analytical film chip conveying portion 30 for taking 
out the dry analytical film chips 10 from the storing 
portion 20 and delivering to the incubator de- 

05 scribed t>elow. a spotting portion 40 for spotting a 
liquid sample onto the dry analytical film chip 10 
during conveying in the conveying portion 30, an 
incubator 50 for keeping the dry analytical film chip 
10 onto which the sample liquid has been spotted 

40 at a constant temperature for a predetemiined 
time, e photometric portion 60 for measuring the 
reflection optical density of the dry analytical film 
chip 10 v^ereln a coloring reaction has 'occured in 
the incubator 60. and a discharge portion 70 of the 

46 dry analytical film chip for discharging the dry 
analytical film chip 10 which has been measured at 
the photometric portion 60 from the incubator 50. 

In the incubator 50, an incubator body 51 in a 
disc form is rotatably supported. The Incubator 

so body 51 contains a heating means (not illustrated) 
which keep the Inside at a constant temperature 
around 37 • C. Many insertion holes 52 are lormed 
on the circumferential skJe end of the body 51 at 
regular intervals for Insening the dry analytical film, 

66 chip 10. and followed by placing parts S3 for plac- 
ing the dry analytical film chip 10. 

As shown in Figures 14 and 15. the placing 
part 53 has a rectangular planar form greater than 
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the dry analytical lilm chip 10. and each corner 54 
is projected toward the inside by rounding. Each 
corner of the dry analytical film chip 10 is caught 
by tha rounded corner 54, and thereby, the sides 
edgea of the dry analytical film chip io do not s 
contact the side walls of the placing part 53. A 
photometric window 55 is formed at the center of 
the placing part 53. and a ring groove 56 Into which 
a photometric head described later enters Is 
1ornf>0d at the underside of the photometric window lo 
55. A taper 57 is formed above the periphery of the 
placing pan 53 in order to guide the dry analytical 
film chip 10. and a cover 58 is provided movable In 
the vertical direction above the placing part 55 so 
as to prevent the evaporation of the liquid sample. is 
Moreover, presser zigs 59 are formed at. four cor- 
ner portions on the underside of the cover 58 In 
order to rectify the delorrnatlon of the dry analytical 
film chip 10 by pressing. 

However, it was found that, in the above an- 20 
alyser using the conventional dry analytical film 
chips, when the dry analytical film chip has a 
spreading layer composed of a microporous ma- 
terial, liquid sample spreads to reach ends of the 
spreading layer and effuses from the edges. In the h 
case of a liquid sample having a low viscosity, the 
liquid sample diffuses on the surface of a spread- 
ing layer or a reagent layer (particularly, in the 
case of a dry analytical nim chip not having a 
spreading layer) a reagent layer to reach edges of 90 
the reagent layer, and effuses from the edges. As a 
result, there is a possibility that the analyzer is 
stained at the Incubator, the photometric portion, 
the discharging portion, or the lil^o, or another dry 
analytical film chip which has been spotted with a 95 
liquid sample but not measured photometrically yet 
is stained (or contaminated). 

That is. aince the dry analytical film chip is 
deformed by drying, It is pressed by the cover 
having the presser xlgs at the placing part of the 40 
dry analytical film chip In the incubator. Accord- 
ingly, if the liquid sample spotted onto the dry 
analytical film chip spreads to reach the vicinity of 
four (4) corners, when the presser zIgs press the 
dry anaytlcal film chip, the presser zigs are stained 46 
by adhering the liquid sample. The subsequent dry 
analytical film chip is pressed by the stained press- 
er 2lgs, and results in stained by the previous 
liquid sample. 

Moreover, if the liquid sample which has so 
reached edges of the dry analytical film chip by 
spreading effuses from the edges, the edges are 
wet by the liquid sample. Since the piecing part for 
the dry analytical film chip in the incubutor is 
arranged so that the inner wall of the placing part 55 
contact edge of four corners of the dry analytical 
film chip in order to position the dry analytical film 
chip, the liquid sample spotted onto the dry analyt- 
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ical film chip adheres onio the wall of the placing 
part at the contact position, and occasionally stains 
the bottom of the placing part as well as the wall 
portion. The adhered liquid sample stains the next 
dry analytical film chip. 

Since the dry analytical film chips are trans- 
ferred to the photometric portion, the discharging 
portion and the like successively, the liquid sample 
effused from edges adheres to stain the photomet- 
ric portion, the discharging portion and the like. 
Particularly, when the liquid sample is a biological 
body fluid represented by blood, the incubator is 
stained by the biotogical body fluid at the incuba- 
tor, the presser zigs. the photometric portion, the 
discharging portion or the like. Since the body fluid 
hss a possibility to contain pathogenic bacteria, 
fungi or viruses, the analyzing operator is. in danger 
of falling into the infection with them. Accordingly, 
it Is very undesirable Is sanitary viewpoint. 

The above staining troubles can be aboided by 
reducing the spotting amount of liquid samples, but 
measuring accuracy is degraded thereby. 

Furthermore, the aforementioned dry analytical 
film chip has a difficulty In a photometry with a 
high accuracy. That is. the dry analytical film chip 
having a spreading layer composed of a porous 
material, such as fabric, nonwoven fabric and filter 
paper, hereinafter "fabric'* is occasionally used as 
a represematlve of the above fibrous porous ma- 
terials forms frays at edges of the spreading layer. 
Fiber dust generates from the frays, and adversely 
affects photometric results. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a dry 
analytical film chip capable of preventing the stain- 
ing of en analyzer therefor at the side wall of the 
placing part of the incubator, the photometric por- 
tion, the discharging portion end the like caused by 
the effusion of liquid sample at edges of the dry 
analytical film chip. 

Another object of the invention is to provide a 
dry analytical film chip capable of preventing the 
formation of frays (which are in a state of k>osened 
and disordered but not cut into fine pieces yet) at 
edges of a spreading layer composed of fibrous 
porous material, such as fabric, nonwoven fabric of 
finer paper, and capable of further preventing the 
generation of fiber dust (which has been cut into 
fine pieces). (Hereinafter 'frays" Is occasionally 
called as the sum of fiber treys and fiber dust.) 

The present invention provides a dry analytical 
film chip which has achieved the above object, 
comprtsing a support, at least one reagent layer, 
and a spreading layer laminated In this order, and 
comprising at least one of a means for preventing a 
liquid sample supplied onto and then spread into 
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the spreading layer from reachino cornar portions 
means for prevenlfng from reaching corners, a 
mean$ for preventlno a liquid sample supplied onto 
and tlien spread into the spreading layer from 
reaching edged (means for preventing from reach- 
ing edges means lor preventing from reaching 
edgo$)r a means for preventing the formation of 
frays at edges of the spreading layer which is 
composed of a fibrous porous material (means for 
preventing the formation of frays), end a means for 
preventing a liquid sample supplied onto end then 
spread into the spreading layer from effusing out of 
edges (means for preventing from effusing out of 
edges)« provided in the spreading layer. 

BRIEF DESCRIPTION OF DRAWINGS 

Rgures 1 through 4 are plan views of dry 
anatyticat film chips of the Invention provided with 
the means for preventing from reaching corners in 
the spreading layer. 

Figures S through 12 are ptan views of dry 
analytical film chips of the Invention provided with 
the means for preventing from reaching edges in 
the spreading layer. The means shown in Figure 5 
doubles as the means for preventing tronr> reaching 
corners. The means shown In Figure 6 doubles as 
the means for preventing the formation of frays. 
The means shown In Figures 7 through 12 triples 
as the means for preventing from reaching corners 
and the means for preventing the formation of 
frays. 

Figure 13 is a schematic side view partially in 
section of an analyzer using the dry anaiylical film 
chips of the invention. 

Rgure 14 is a lateral section of the piadng part 
of the incubator of the analyzer, and Figure 15 is a 
section atong line A-A of Figure 14. 

1 Dry analytical film chip 

2 Spreading layer 

3 Nonporous portion made nonporous by 
fusion (means for preventing from reaclv 
ing corners) 

4 Nonporous portion made nonporous by 
fusion (meana for preventing from reach- 
ing edges and/or means for preventing 
the formation of frays) 

5 Nonporous portion made nonporous by 
fusion (means for preventing from reach* 
ing edges) 

s Pressure zig - catching position 

10 Dry analytical film chip 

20 Dry analytical film chip storing portion 

30 Dry analytical film chip conveying portion 

40 Spotting portion 

50 Incubator 

51 Incubator body 

52 Insertion hole 
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riacjng pan 






55 


Photometric window 


56 


Ring groove 


57 


Taper 


58 


Cover 


S9 


Pressor zig 


eo 


Photometric portion 


70 


Discharging portion 



DETAILED DESCRIPTION OF THE iNVENTION 



The spreading layer of the dry anslyticel film 
chip of the invention is provided with at least one of 
76 the means for preventing from reaching corners, 
the means for preventing from reaching edges, the 
. means for preventing the formation of frays and the 
means for preventing from effusing out of edges. 
Two or more means of them may be provided. 
2D The means for preventing from reaching cor- 
ners is different from the means for preventing 
from reaching edges in their provided position, but 
their formation may bo identical. The formation of 
the means for preventing from effusing out of 
2$ edges may t>e Identical with the means for prevent- 
ing from reaching edges. Ttie formation of the 
means for preventing the formation of frays may be 
Identical with the means for preventing from reach- 
ing edges. The formation of the mesne for prevent- 
so Ing from reaching edges, the means for preventing 
the formation of frays and the means for preventing 
from effusing out of edges may be identical. In the 
specification, edge Includes corner. 

In the invention, every means of the means for 
as preventing from reaching comers, the means for 
preventing from reaching edges, the means for 
preventing the formation of fraya and the means for 
preventing from effusing out of edges is composed 
by rendering corners, edgefs or their vicinity of the 
40 spreading layer composed of a porous material 
Impermeable structure of liquid samples. Examples 
of the impermeable structure of liquid samples are 
formed by fusing the fili^er or polymer constituting 
the matrix of the porous material and then cooling 
4s to solidify to render nonporous structure, or by 
clogging pores of the porous material with a hy- 
drophobic or water-repellent or ripophlllc material, 
such as hydrophobic ink, wax. curable polymer, 
curable paste or hot melt adhesive, or the like. 
GO The means for preventing the formation o1 
frays is to render a structure capable of preveniing 
the formation of frays (which are loosened and 
disordered but not cut into fme pieces yet) and 
preventing the generation of fiber duct (which has 
55 been cut into fine pieces). An example of the 
structure capable of preventing the formation of 
frays and the generation of fit^r duct Is formed by 
heating to fuse the fiber of the fibrous porous 
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matdrlai end then cooDhq to solidify. The fibrous 
porous nnaterlal becomes substantially nonporous 
by fusing with heatino followed by cooling to so- 
lidify, and accordingly, It also serves as the rrkeans 
tor preventing from reaching corners and/or. the 
means for preventing from reaching edges. The 
fibrous porous material, capable of preventing the 
fornnation of frays by heating to fuse fiber followed 
by cooling to solidify, includes fabrics (i(nltled fab- 
rics, woven fabrics) of nylon, polyethylene tereph- 
thaletet mixed fabric of them and natural fiber such 
as cotton, and the like. 

As the heating means for fusing the fiber or 
polymer constituting the malrix of the porous ma- 
terial, there ere trowels with an electric heater, 
ultrasonic horn heads for ultrasonic welding, and 
heads for irradiating laser beams, every of which 
has a form to be fused. The thermal fusion by laser 
beam irradiation from a laser beam head can make 
the sectional area and the volume of the region, to 
which heat is added, smell, and accordingly, the 
width of the region intercepting the permeation of a 
liquid sample formed by heating to fuse and then 
cooling to solidify can be made small compared 
with the fusion by the heating trowel or the ultra- 
sonic horn head. Moreover, another advantage is 
that a spreading layer (in the embodiment of the 
dry analytical film chip comprising the spreading 
layer, a reagent layer and a support, all layers 
including the suppon) can be cut off simultaneous- 
ly with the fusion of the fiber of the spreading layer 
by increasing the irradiation energy, and thereby, 
an independent cutting process can be omitted 
which Is required in the fusion by the heating 
trowel or the ultrasonic horn head. That Is, in the 
case of the heating by th^ heating trowel or uHra^ 
sonic heating, it is necessary to incorporate a cut- 
ting process for cutting by a cutting means, such 
as a cutter, the portion uf a dry analytical film web 
of a laminate of a support, a reagent layer and a 
spreading layer, wherein the spreading layer Is 
fused by the heating trowel or the ultrasonic horn 
head into a prescribed form. However, in the cage 
of the laser beam irradiation, the spreading layer 
(in the embodiment of the dry analytical film chip 
comprising a spreading layer, a reagent layer and 
a support) can be cut off simultaneously with the 
fusion of the spreading layer into a prescribed 
form, by the irradiation of laser beam. In the dry 
analytical film chip, there Is an embodiment of the 
spreading layer containing a reagent end of provid- 
ing a reagent layer under the spreading layer, 
described later, in many cases, the reagent-con- 
taining spreading layer and the reagent layer con- 
tain enzyme weak which la on heat, and it was 
found that even heating to fuse the periphery of the 
spreading layer, the activity of the enzyme in the 
reagent-containing layer and the reagent layer does 
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substantially not inactivated nor reduced. It was 
found that even heating to fuse the periphery of the 
spreading layer, the reagent components other 
than enzyme incorporated Into the reagent-contsin- 

6 ing spreading layer or the reagent layer occasion- 
ally into other layer do not substantially degraded. 

In the case of the thermal fusion by laser beam 
irradiation, the irradiation conditions of laser beam 
are set so as not to effuse liquid out of the edges 

10 of the porous spreading layer fused by heating 
followed by solidification. When not only the 
spreading layer is fused but also the support por- 
tion is fused to be cut off. the irradiation conditions 
are set so that the liquid effusion does not occur at 

)6 edges of the porous spreading layer which have 
been fused end then solidified and so that the dry 
analytical film chip containing the support can Ido 
cut off simultaneously. As actual irradiation con- 
ditions, for example, in the case of carbon dioxide 

20 laser, are an output energy of about 10 W to about 
25 W and a fusing spaed of about a m/mln to 
about 10 m/mln for fusing to cut edges of a 
spreading layer, and an output energy of about 10 
W to about 150 W and a fusing speed of about 1 

2$ m/min to about 20 m/min for fusing to cut not only 
the apreeding layer but also the entire dry analyt- 
ical film chip containing a suppon. 

A means for clogging pores of the porous of 
the spreading layer composed of a porous material 

30 to render substantially nonporous Is to clogg the 
pores with a hydrophobic (or water repellent) or 
lipophilic material. As the material used for clog- 
ging, there are curable hydrophobic materials, wax- 
es, curable polymers, curable pastes, hot melt ad- 

3s hesives, and the like, and examples are as follows: 
Curable hydrophobic materials; 
Photo-setting or ultraviolet curing type adhe- 
sives, liquid photoresists 
Waxes: 

40 Solid waxes In plant origin (e>g. cernauba wax. 

cotton wax), solid waxes in animal origin (e.g. 
beeswax) 
Curable polymers: 

Low melting or low softening point Organic 
4fi polymers (eg. wax-formed polyethylene oxide, 
amorphous polyethylene) 
Curable edhesives, curable pastes: 

Two-component epoxy resin adhesives 
Hot-melt adhesives: 
30 Hot^melt adhesives having a low viscosity in a 

melted state (120 to 200 *C) and a high viscosity 
at ordinary temperature 
Examples of Form: 
Sheet, string, thread 
55 Hydrophobic mgterials: 

Inks for ball pen, inks tor oily fast set writing 
utensil (''MAGIC INK**, trade name, and homologs). 
inks for printing. 
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Wat9r-repsllent msteridls: 

Liquid or low melting point silicone potymers. 
liquid or low molting point Duorine-containing poly- 
mers 

The means for preventing from reaching cor- 
ners is in a form wherein pores of the spreading 
layer at least at four comers (in the case that the 
form of the dry analytical film chip has no comer, 
such as circle or ellipsoid, the portions of the 
spreading layer caught by the presser zigs) and 
their vicinities are clogged (hereinafter, occasion* 
ally called *to clog pores*), or in a form wherein 
polymer constructing fiblor or matrix of the porous 
material is rendered substantially nonporous by 
heating to fuse followed by cooling to solidify 
(hereinafter, occasionally called "to render non- 
porous by fusion"), so as to prevent a tiquld sam- 
ple from spreading to reach a position of the 
spreading layer caught by the presser zigs. An 
embodiment thereof is to clog pores or to render 
nonporous by fusion at portions including end be- 
ing greater tfian the position caught by the top of 
each presser zig, and another embodiment is to 
clog pores or to render nonporous by fusion in line 
at portions on the side of center (Inside) of the 
spreading layer from the position caught by the top 
of each presser zIg. 

The means for preventing from reaching edges 
and the means for preventing from effusing out of 
edges can be formed by to clog pores or to render 
nonporous by fusion in a form surrounding oontinu' 
ously the periphery of the prescribed spread form 
of which the center is the spotted portion of the 
spreading layer of the dry analytical film chip so as 
to prevent the effusion of a liquid sample spread to 
reach edges of the spreading layer out of the 
edges. When the means for preventing from edges 
i9 formed on the side of the center (inside) of the 
spreading layer from the positions caught by the 
pressor zigs, the mesne also functions as the 
means for preventing from reaching comers. When 
the moans for preventing from reaching edges or 
the means for preventing from effusing out of 
edges la formed on all edges of the spreading 
layer* in an embodiment having a fibrous spreading 
layer, since they also function as the means for 
preventing the formation of frays, they can prevent 
the formation of fiber trays and the generation of 
fiber dust at edge portions. 

In every means of the means for preventing 
from reaching corners, the means for preventing 
from reaching edges, the means for preventing the 
formation of frays and the means for preventing 
from effusing out of edges, since the portions pro- 
vided therewith can be held mechanically by for- 
ming them with a great area on the surface of the 
spreading layer, a conveying means of the dry 
analytical film chip other than suction pad can also 
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been emplyed. 

The dry analytical film chip of the invention is 
prepared by cutting a dry analytical film into a 
prescribed form. The fundamental structure of the 

9 dry analytical film chip is composed of a support, a 
reagent layer and a spreading layer famlnated and 
integrated In this order. 

To the underside of the support, a reinforcing 
sheet material or a thin plate material can be 

10 laminated for the purpose of strengthening the ri- 
gidity (nerve) of the support. 

All of the support, the reinforcing sheet material 
and the thin plate material function to keep the dry 
aniytlcal film chip flat. It is preferable that the 

7S support and the optional reinforcing sheet material 
and thin plate material are transparent. As the 
examples of the support, the reinforcing sheet ma- 
terial and the thin plate material, there are sheets 
of organic polymer, such as polyethylene tereph- 

20 thalate (PET), polystyrene or the like. In genera), 
the reinforcing sheet material and the thin plate 
materia are preferably made of en organic polymer 
having a great rigidity (nerve), and have a thick- 
ness similar to or thicker than the support. A suit- 
es able thickness of the support is about lOOum to 
about 1.000 um, preferably about i$0 um to about 
300 um. A suitable thickness of the reinforcing 
sheet material and the thin plate material is about 
150 u/n to about 1,000 um, preferably about 180 

90 um to about 500 urn. 

The form and size of the support and the 
optional reinforcing sheet material and thin plate 
material are not particularly limited within the range 
capable of keeping the flatness of the dry analytical 

ss film chip. Examples of the form are square, rectan- 
gle, circle and the like, and in general, the form Is 
identical with the reagent layer described later. The 
size may be identical with, smaller than or greater 
than the reagent layer so far as keeping the flat- 

40 ness of the dry analytical film chip. When the 
support or the optional reinforcing sheet material or 
thin plate material has a form projected from the 
reagent layer, the projected portion can be nipped 
while conveying resulting in widening the range of 

4s selecting conveying means. 

All Of the support and the optional reinforcing 
sheet material and thin plate material are arranged, 
In general, so as to pass light. As the means for 
passing light, the suppoil and the optional reinforc* 

60 ing sheet material or th'm plate materia) theirselves 
are formed of a clear material capable of transmit- 
ting light, or are provided with a hole tor passing 
light at the position where light passes upon 
photometry. As the material capable of transmitting 

99 light, there are various polymers excellent in trens*- 
parency, such as polyethylene terephlhalete (PET), 
polystyrene, acrylic polymers represented by poly- 
methyl methacrylate. and the like. The hole for 



»IS00CID: <EP. 



2<)mmm mm siks&co. 



11 EPoe2i 



passing light can have any form capable of passing 
tight upon photometry* and examples of form are 
circle, ellipsoid, square, rectangle or the like. 

The reagent layer comprises at least one layer 
containing reagent components necessary for the s 
coloring (dye-producing) or discoioring reaction for 
detecting an analyle (the object biochemical com- 
ponent to be determined) by subjecting to chemi- 
cal reaction, biochemical reaction or Immunological 
reaction directly or Indirectly (through a prestage lo 
reaction), in a hydrophlilc polymer binder, such as 
gelatin, poiyacrylamlde or polyvinyl alcohoL The 
reagent layer does not always require the reagent 
components, and is composed of a hydrophllic 
polymer binder alone such as in the dry analytical 76 
film for the deterrriination of hemoglobin. 

As the examples of the hydrophllic or weakly 
hydrophillc polymer binder having a film-forming 
ability, there are gelatin, gelatin derivatives, hydrox- 
yalkyi cellulose, agarose, polyvinyl alcohol and the so 
like. A known curing agent (crosslinking agent) may 
be blended with gelatin or gelatin derivatives. 

The volume ratio of light-blocking particulates 
to hydrophllic polymer binder in the dry state is 10 
: about 2.5 to about 7.5, preferably about 3.0 to Ps 
about 6.5. When the light-shielding particulates are 
titanium dioxide partlcutates» the ratio by weight of 
polymer binder Is about 0.6 to about 1.8. preferably 
about 0.8 to 1.5 per 10 ot titanium dioxide. The 
thickness of the light-blocking layer In the dry state oo 
Is about 3 urn to about 30 u/n, preferably about 5 
urn to about 20 um. 

The spreading layer may be used by selecting 
from known fibrous porous materials and nonllbr- 
ous porous materials, Examples of the spreading 55 
layer are fibrous porous layers, such as woven 
fabric spreading layers disclosed in U.S.P. 
4.292,272, U.S.P. 4,783,315, etc., such as, plain 
weaves Including broad cloth and poplin, knitted 
fabric spreading layers disclosed in £P 0 162 302 4o 
A, etc., such as tricot, double tricot or milanese, 
and the spreading layers made of organic polymer 
fiber pulp-confalntng paper disclosed In Japanese 
Patent KOI^I No. 67-148250, nonfibrous 
isotropically porous spreading layers, such as. 45 
membrane filter (blushed polymer layer) disclosed 
In U.S.P. 3,992,158, Continuous microspaces-con- 
taining porous layers where polymer particulates, 
glass particulates or diatomaceous earth are dis- 
persed in a hydrophllic polymer binder, or continu- so 
ous microspaces-containing porous layers where 
polymer particulates are joined so as to contact 
with each other at e point by using a polymer 
sdheslve which dose not swell in water (three- 
dimensional lattice structure layer), the spreading 55 
layers excellent in blood cell-separating ability 
composed of plural porous layers (e.g. a combine^ 
lion of two layers of a woven fabric or knitted fabric 
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and a membrane filter, a combination of three 
layeres of a woven fabric or knitted fabric) of which 
each Interface is joined to laminate by disposing an 
adhesive in fine discontinuous dots or strips (half- 
tone dots in printing field) disclosed In U.S.P. 
5.019.347. EP 0 226 465 A. etc. 

In the specification, the dry analitical film chip 
includes test elements in filter paper type and 
single layer or multilayer test elements modified 
thereof laminated to the aforemeniloned support by 
a suitable known adhesive. 

The form of the dry analytical film chip is, in 
general, square, rectangle, circle, ellipsoid or the 
like, having a side of about 10 to 20 mm in the 
case of square and rectangle, a diameter (both of 
the major axis and the minor axis) of about 10 to 
20 mm in the cas^ of circle and ellipsoid, and the 
thickness is about 350 um lo 1 .5 mm. In view of 
analytical operation and manufacture, square and 
rectangle near square are preferred. 

As the biological components analyzable by 
the dry analytical film chip of the Invention, there 
are blood sugar (glucose), cholesterol, urea nitro- 
gen (BUN), creatinine, bilirubin, hemoglobin, glu- 
tamic-oxaloacetic transaminase (GOT), glutamic- 
pyruvic transaminase (GPT). amylase, c-reactlve 
protein (CRP). and the like. 

In the first aspect of the dry analytical film chip 
of the Invention, the moans for preventing from 
reaching corners Is provided in the spreading layer, 
and prevents staining of the pressor zigs by adher- 
ing a liquid sample to the top ot the pressor zigs 
by preventing the liquid sample from reaching cor- 
ners ot the spreading layer caught by the pressor 
zlgs of en incubator from the spotting portion lo- 
cated at almost the center of the dry analyticaf film 
chip. 

In the second aspect of the dry analytical film 
chip of the invention, the means for preventing 
from reaching edges is provided In the spreading 
layer, and prevents the effusion of a liquid sample 
out of edges of the spreading layer, prevents stain- 
ing of the incubator, the phoiometric portion, the 
discharging portion or the like of an analyser by 
adhering the liquid sample, and prevents staining 
of another dry analytical film chip which has been 
spotted with a liquid sample but not measured 
photometrically yet, by preventing the liquid sam^ 
pie from reaching edges from the spotting portion 
located at almosi the center of the dry analytical 
film chip. 

In the third aspect of the dry analytical film 
chip of the invention, Ihe means for preventing the 
formation of frsys is provided in the spreading 
layer which is composed of a fibrous material, such 
as fabric, nonwoven fabric or filter paper, and pre- 
vents the formation of frays and the generation of 
fiber dust at the edges of the spreading layer, and 
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B8 B result, adverse affects on photometric results 
are elinnir^Bted. 

In the fourth aspect ol the dry analytical film 
chip of the Invention, the means for preventing 
from effusino out of edges (doubled as the means s 
for preventing from reaching corners) is provided in 
the spreading layer, and prevents the effusion of e 
liquid sample out of edges of the spreading layer, 
prevents staining of the incubator, the photometric 
portion, the discharging portion or the like of an io 
analyzer by adhering the liquid sample, prevents 
Staining of another dry analytical film chip which 
has been spotted with a liquid sample but not 
measured photometrically yet by adhering the pre- 
vious liquid sample, by preventing the liquid sam- ts 
pie from reaching edges (including corners) from 
the spotting portion located almost the center of 
the dry analytical film chip, and prevents staining of 
the presser 2igs by adhering tha liquid sample to 
.the top of the presser zigs by preventing the liquid ao 
sample from reaching corners caught by the press* 
er 2{gs of the Incubator from the spotting portion 
located almost the center of the dry analytical film 
chip. 

Furthermore, in every one of the above first, 2s 
second, third and fourth aspect of the dry analytical 
film chip of the invention. It is prevented to stain 
dry analytical film chips loaded later into the plac- 
ing part of the incubator of an analyzer by the 
fiqUd sample already adhered to the pacing part or ao 
the presser zigs. since a liquid sample does not 
effuse out of edges of the spreading layer, the 
spotting amount of a liquid sample can be in- 
creased to improve measuring accuracy. Since it is 
not necessary to be so accurate positioning of 35 
spotting a liquid sample onto the canter of the dry 
analytical film chip, a spotting apparatus therefor 
can be made inexpensive because of not so severe 
requirement for the accuracy of pepetta tips for 
spotting a liquid aample and the like. 40 

EXAMPLES 

Some examples of the dry analytical film chip 
of the Invention are illustrated in Figures 1 though 46 
12. 

In tha examples, each fibrous spreading layer 
was subjected to the hasting to fuse treatment 
under the following conditions: 

The knitted fabric formed of 100 % polyester so 
(polyethylene terephthafate) about 150 am to about 
300 am in thickness and the plain weave fabric 
formed of 100 % polyester about 150 um to about 
200 am in thickness were treated at 350 * C to 450 
' C for 0.1 to 0.5 second. ss 

The knitted fabric of formed of mixed fiber of 
65 % polyester and 35 % cotton about 150 u/n to 
about SOO um in thickness and the plain weave 
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fabric formed of mixed fiber of 65 % polyester and 
35 % cotton about ISO um to about 200 um In 
thickness were treated at 500 'C for 0.2 to 0.5 
second. 

The dry analytical fi)m chips illustrated in Flg^ 
ures 1 through 4 are examples Of the first aspect of 
the Invention provided with the means for prevent- 
ing Irom reaching corners in the spreading layer. 

In the dry anslylica! film chip 1 shown In Figure 

1 , four fused portions 3 were formed as the means 
for preventing from reaching corners into triangle at 
all corner portions of the spreading layer containing 
the position ^a"" caught by the presser zig for the 
Spreading layer by heating to fuse the corner por- 
tions of the spreading layer and then cooling the 
solidify by a1k>wing to stand at room temperature or 
blowing cooling air to render sabstantially non- 
porous. A reagent layer and a support (both are not 
illustrated) are provided under the spreading layer 
2. 

In the dry analytical film chip 1 shown In Figure 

2, four fused portions 3 were formed as the means 
for preventing from reaching comers into band at 
the four comer portions on the inside than the 
poslllon "a" caught by the presser zig for the 
spreading layer bridging two adjacent edges by 
heating to fuse the band portions of the spreading 
layer and then cooling to solidify by allowing to 
stand at room temperature or blowing cooling air to 
render substantieatly nonporous. 

In the dry analytical film chip 1 shown tn Figure 

3, two fused portions 3 wore formed as the means 
for preventing from reaching corners Into band on 
the inside than the position "a** caught by the 
presser zig for tha spreading layer bridging two 
edges opposite to each other In parallel by heating 
to fuse the band portions of the spreading layer 
and then cooling to solidify by allowing to stand at 
room temperature or blowing cooling air to render 
substantlcally nonporous. 

In the dry analytical film chip 1 shown in Figure 

4, two fused portions 3 were formed as the means 
for preventing from reaching corners into wide 
band at two opposite edges containing the position 
*'a'* caught by the presser zig for the spreading 
layer by heating to fuse the band portions of the 
spreading layer and then cooling to solidify by 
allowing to stand at room temperature or blowing 
cooling air to render substantieally nonporous. 

The dry analytical film chips Illustrated In Fig- 
ures 5 through 12 are exsmples of the second 
aspect of the invention provided with the means for 
preventing from reaching edges In the spreading 
layer. Some examples double as an example of the 
first aspect of the Invention provided with the 
means for preventlrig from reaching corners or an 
example of the third aspect of the Invention pro- 
vided with the means for preventing the formation 
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of frays in the spreading layer. 

In the dry ar^alytical film chip shown in Figure 

5, a fu&dd portion 5 was formed as the means for 
preventing from reaching edges Into band to form 
an open circle on the Inside than the position ''a" 
caught by the pressor z^g tor the spreading layer 
by heating to fuse the band portions of the spread- 
ing layer and then cooling to solidify by allowing to 
stand at room temperature or blowing cooling air to 
render substantially nonporous. The fuse portion 5 
in this example also functions as the means for 
preventing from reaching corners. 

In the dry analyilcal film chip shown in Figure 

6, a fused portion was formed as the means for 
preventing from reaching edges into band at all 
edges to form an open square, on the outside than 
the position "a" caught by the presaer zig for the 
spreading layer by heating to fuse the band por* 
tions of the spreading layer and then cooling to 
solidify by allowing to stand at room temperature or 
blowing cooling air to render aubatantially non- 
poroua. The fused portion A can prevent the forma- 
tion of fiber frays at edges of the spreading layer 2, 
when it comprises a fibrous spreading layer. 

In the dry snalyticsi film chip shown in Figure 

7, a fused portion 4 was formed as the means tor 
preventing from reaching edges Into band at all 
edges to form an open suqare on the outside than 
the position "a* caught by the presser zig for the 
spreading layer end. four fused portions 3 were 
formed as the means for preventing from reaching 
corners into band bridging all of adjacent edges on 
the inside than the position ^'a'* caught by the 
presser zig for the spreading layer, by healing to 
(use the band portions of the spreading layer and 
then cooling to solidify by allowing to stand at 
room temperature or blowing cooling air to render 
substantially nonporous. This example elso exer- 
cises the function of the means for preventing from 
reaching corners, and in the embodiment compris- 
ing a fibrous spreading layer, it can prevent the 
formation of fiber frays at edges of the spreading 
layer 2. 

in the dry analytical film chip shown in Figure 
6, a fused portion 4 was formed as the means lor 
preventing from reaching edges Into band at all 
edges to form an open square and, four fused 
portions 3 were formed as the means for prevent- 
ing from reaching corners into triangle at all corner 
portions of the spreading layer containing the po$i- 
tion "a** caught by the presser 2lg for the spread- 
ing layer, by heating lo fuse the portions of the 
spreading layer and then cooling to solidify by 
allowing to stand at room temperature ar blowing 
cooling air to render substantially nonporous. This 
example also exercises the function of the means 
lor preventing from reaching corners, and In the 
embodiment comprising a fibrous spreading layer, 



it can prevent the formation of fiber frays at edges 
of tha spreading layer 2. 

In the dry analytical film chip shown in Rgure 
9, a fused portion 4 was formed as the means for 

6 preventing from reaching edges into band at all 
edges to form an open square by heating to fuse 
the portions of the spreading layer and then cooK 
ing to solidify by allowing to stand at room tern- 
peratuer or blowing cooling air to render substan- 

}o tially nonporous. The fused portion 3 was widened 
as the means for preventing from reaching corners 
at two opposite edges so as to contain the posi- 
tions "a" caught by the presser 2igs for the 
spreading layer. This example also exercises the 

15 function of the means for preventing from reaching 
corners, and in the embodiment comprising a fi- 
brous spreading layer, It can prevent the formation 
o1 fiber frays at edges of the spreading layer 2. 
The dry analytical film chip shown In Figure 1 0 

20 is a combination of the dry analytical film chips of 
Figures 5 and 6, and functions as the means for 
preventing from reaching corners, and in the em- 
bodiment comprising a fibrous spreading layer, it 
can prevent the formation of fiber frays at edges of 

25 the spreading layer 2. as well as the means for 
preventing from reaching edges. 

In the dry analytical film chip shown in Figure 
11 , a fused portion 4 was formed as the means for 
preventing from reaching edges entirely except 

30 leaving the center Into circle greatly, by heating to 
fuse the band portions of the spreading layer and 
then cooling to solidify by allowing to stand at 
room temperature or blowing cooling air to render 
substantially nonporous. The example also exer- 
ts cises the function of the means for preventing from 
reaching corners, and In the embodiment compris- 
ing a fibrous spreading layer, it can prevent the 
formation of fiber frays at edges of tha spreading 
layer 2. 

40 The dry analytical film chip shown in Figure 12 
ia a combination of the dry analytical film chip of 
Figures 3 and B, and functions as the means for 
preventing from reaching corners, and in the em- 
bodiment comprising a fibrous spreading layer, it 
45 can prevent the formation of fiber frays at edges of 
the spreading layer 2, as well as the means for 
preventing from reaching edges. 

In the above examples shown in Figures 1 
through 12. although ail of the means for prevent- 
so ing from reaching comers, the means for prevent- 
ing from reaching edges and the means tor pre- 
venting the formation of frays were formed by 
heating to fuse the band portions of the spreading 
layer and then cooling to solidify by allowing to 
55 Stand at room temperature or blowing cooling air to 
render substantially nonporous. the means for pre- 
venting from reaching corners, the means for pre- 
venting from reaching edges and the means for 

9 
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prevontino th© formetion of trays in d form shown 
In Figures 1 through 12 cen bo formed by clogging 
the pores d the spreading layer with a hydropho- 
bic (Of water-repellent) or lipophilic material. Prefer* 
able materials for dogging the pores are waxes in 
solid at ordinary temperature, polyethylene oxide 
wax, amorphous polyethlene. hot melt adhesive, 
liquid photoresists, and the like. 

Claims 

1. In a dry analytical film chip comprising a sup- 
port, at least one reagent layer, and a spread^ 
Ing layer laminated in this order, the improve- 
ment which comprises a means lor preventing 
a liquid sample supplied onto then spread into 
the spreading layer from reaching corners of 
the dry analytical film chip provided in the 
spreading layer, 

2. The dry analytical film chip of claim 1 wherein 
aald meens is a nonporous structure formed 
by heating to fuse the spreading layer and 
them cooling to solidify. 

3. The dry analytical film chip of claim 2 wherein 
the means of said heating Is a member se- 
lected from the group consisting of a trowel 
with an diectricic heater, an ultrasonic horn 
heed and a laser beam head. 

4. The dry analytical film chip of claim i wherein 
said means Is the clogging of pores of the 
spreading layer with a hydrophobic or 
lipophilic material by immersion. 

e. In a dry analytical film chip comprising a sup- 
port, at least one reagent layer, and a spread- 
ing layer laminated In this order, the Improve- 
ment which comprises a means for preventing 
a liquid sample suppfied onto then spread into 
the spreading layer from reaching edges or the 
vicinity of the edges of the dry analytical film 
chip provided In the spreading layer. 

6. The dry analytical film chip of claim 5 wherein 
said means Is a nonporous structure formed 
by heating to fuse the spreading layer and 
then cooling to solidify^ 

7. The dry analytical fllrr^ chip of claim 5 wherein 
said means is the clogging of pores of the 
spreading layer with a hydrophobic or 
lipophilic materiel by immersion. 

6. The dry analytical film chip of claim 6 or 7 
wherein said spreading layer Is formed of a 
member selected from the group consisting of 



woven fabric, knitted fabric, nonwoven fabric 
and filter paper. 

9. The dry analytical film chip of calim 6 or 8 
s wherein the means of said heating is a mem^ 
ber selected from the group consisting of a 
trowel with an electric heater, en ultrasonic 
horn head and a laser beam head. 

10 10. The dry analytical film chip of claim 6 or 7 
wherein said means doubles as a means for 
preventing the formation of fiber frays at edges 
of the spreading layer provided In the spread- 
ing layer. 

76 

11. In a dry analytical film chip comprising a sup- 
port, at least one reagent layer, and a spread- 
ing layer which comprises a fibrous porous 
material laminated in this order, the improve- 
90 ment which comprises a means for preventing 
the formation of fiber trays at edges of the 
spreading layer provided in the spreading lay- 
er. 

25 12. The dry analytical film chip of claim 11 
wherein seld means is a nonporous structure 
formed by heating to fuse the spreading layer 
and then cooling to solidity. 

so 13. The dry analytical film chip of claim 12 
wherein the means of said heating le a mem- 
ber selected from the group consisting of a 
trowel with an electric heater, an uHrasonlc 
horn head and a laser beam head. 

35 

14. The dry analytical film chip of claim 11 
wherein said means is the clogging of pores of 
the spreading layer with a hydrophobic or 
lipophilic rnaterial by Immersion. 

40 

16. In a dry analytical film chip comprising a sup- 
port, at least one reagent layer* and a spread- 
ing layer laminated in this order, the improve- 
ment which comprises a means for preventing 
4S a Hquid sample supplied onto then spread Into 
the spreading layer from effusing out of edges 
of the spreading layer provided in the spread- 
ing layer, 

50 16. The dry analytical film chip of claim 15 
wherein sard means is a nonporous structure 
formed by heating to fuse the spreading layer 
and then cooling to solidify. 

65 17, The dry analytical film chip of claim 16 
wherein the means of said heating is a mem- 
ber selected from the group consisting of a 
trowel with an electric heater, en ultrasonic 

10 
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horn head and 8 laser beam head. 

18. Tho dry analytical film chip of claim 15 
wherein said means is the clogQi'^O of pores of 
the spreading layer with a hydrophobic or 5 
lipophilic material by Immersion, 
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